The following is a simple but plausible scenario that leads to a chemically stratified rather than a homogeneous mantle. Suppose the upper mantle produced basaltic magmas while the earth was accreting. Alternatively, suppose the mantle was initially homogeneous and convecting but partial melting only occurred in the upper mantle. In either case, low-pressure differentiation rules would apply, and the end result would be a thick surface layer of basalt (Figure 1) . If the earth differentiated as efficiently as the moon, it should have a basalt layer at least 200 km thick. This is clearly not the case today. As the earth cools, the lower part of this hypothetical basalt layer converts to eclogite, and eventually, the surface layer becomes unstable and sinks through the upper mantle. Although this is a hypothetical scenario, it would explain the absence of an early geological record. The present style of thin plate tecton- 
The arguments for whole mantle convection seem to be based primarily on the relative uniformity of viscosity and mean atomic weight throughout the mantle [Davies, 1977; Elsasser et al., 1979] , conditions which are neither necessary nor sufficient. The mean atomic weight is a parameter in the relationship between seismic velocity and density and is a function primarily of the FeO content. It is not a measure of density per se, and it does not play the major role in establishing the density of a given collection of oxides. A1203 and SiO,•, both of which have nearly the same mean atomic weight, have a large effect on densities, since they determine the crystal structures and stability fields of silicates. AlaO3 stabilizes the garnet structure, making garnet-bearing aluminous assemblages denser than Al,•O3-poor materials at moderate pressures but less dense at high pressures. Likewise, SiO,• decreases the density of low-pressure assemblages but increases density in high-pressure phases. SiO,• and A1203 are enriched in low-pressure partial melts; differentiation of the earth can The following is a simple but plausible scenario that leads to a chemically stratified rather than a homogeneous mantle. Suppose the upper mantle produced basaltic magmas while the earth was accreting. Alternatively, suppose the mantle was initially homogeneous and convecting but partial melting only occurred in the upper mantle. In either case, low-pressure differentiation rules would apply, and the end result would be a thick surface layer of basalt (Figure 1) . If the earth differentiated as efficiently as the moon, it should have a basalt layer at least 200 km thick. This is clearly not the case today. As the earth cools, the lower part of this hypothetical basalt layer converts to eclogite, and eventually, the surface layer becomes unstable and sinks through the upper mantle. Although this is a hypothetical scenario, it would explain the absence of an early geological record. The present style of thin plate tecton- Subducting eclogite may be appreciably colder than ambient mantle. Taking the volume coefficient of expansion of garnet [Clark, 1966] , 22 x 106/øC, and a temperature difference of 400øC, the density difference is about 0.04 g/cm 3. Ringwood [ 1975] and/to and Matsui [ 1977] estimate that the zero-pressure density of normal mantle below 670 km will be about 3.9-4.0 g/cm 3, in agreement with our simple model mantle after allowance for the effect of FeO. Ringwood [1975] uses a higher-density eclogite and estimates the density of garnet s.s. to be 3.78 g/cm 3. This is still lower than any of the above estimates of normal mantle density below 670 km. It seems likely therefore that eclogite will remain above 670 km and possibly 500 km. The sharpness of the 670-km discontinuity and the increase in earthquake activity near this depth suggest that this is the boundary that stops the sinking plates.
Transformation to dense deep mantle phases such as ilmenite and perovskite occur 30-60 km deeper for a mantle assemblage with 12% A1203 (eclogite) than for one with 3% AI:O3 (peridotite). Liu [1977] estimated that ecologite is denser than peridotite to depths of about 570 km and then is less dense to about 750 km. These crossover depths are controlled by phase changes whose transition pressures are difficult to estimate with current petralogical data and which, in any event, are likely to have been deeper with Precambrian geotherms. We have demonstrated that a trapped eclogite layer is a plausible result of whole mantle convection and differentiation and that the original differentiation into eclogite and residual peridotite layers may have been irreversible. The reversible part of present-day plate tectonics may be simply the transfer of material into and out of the eclogite layer. We suggest that radial motion of material between layers requires partial melting (for example, basalt differentiation) or phase changes (for example, basalt-eclogite). The transformed material rises or sinks until it finds its own level. Anderson [1979] discussed the possibility that the region of the mantle between the Lehmann (220 km) and 670-km discontinuities is eclogite rather than peridotite. Surprisingly, an eclogite mineralogy with its attendant implications regarding seismic velocities, heat flow, trace elements, and overall chemistry of the earth cannot be ruled out. An upper mantle eclogite layer, whether produced by early basaltic differentiation and overturn, eclogite fractionation, or subsequent subduction, will likely remain in the upper mantle. The mantle may therefore be chemically stratified and stable against whole mantle or even whole upper mantle convection. Material can leave this layer only if it partially melts during the course of its convective overturns. The source of oceanic basalts would be diapirs from the eclogite layer. Material is returned to the layer by subduction. The large density contrasts between basalt and eclogite and the intervening peridotite layer would make the interchange rapid.
